Abstract
INTRODUCTION
Ageing of the gastric tract is an early manifestation of overall ageing, and mainly presents as a decline in the secretory function of the gastric mucosa. Histomorphological studies have demonstrated that atrophy of gastric mucosa increases with age [1] [2] [3] . In addition, studies have also shown that Helicobacter pylori (H. pylori) infection plays an important role in the progression of gastric mucosa lesions [4] . It has been demonstrated that the prevalence of H. pylori infection increases with age, and H. pylori is closely related with the occurrence and development of peptic ulcers, chronic atrophic gastritis and gastric cancer [5, 6] . Serum pepsinogen (PG) levels reflect the number of glands and cells in gastric corpus mucosa. Therefore, they can reflect the secretory function of the gastric mucosa [7] [8] [9] [10] . It has been reported that the levels of serum PGs are influenced by age, sex, pathophysiologic status of gastric mucosa and H. pylori infection [11] . Thus, serum PGs are indicators of the functional and morphological status of gastric corpus mucosa, and lower serum levels of PGⅠ or PGⅠ/PGⅡ represent existence and degree of atrophy in gastric corpus mucosa [12] . Serum level of gastrin-17 (G-17) can act as a biomarker that reflects the function and structure of gastric antral mucosa. Combining serum PG and G-17 levels has been shown to provide diagnostic information on gastric mucosa [13] [14] [15] [16] , and may also reflect the degree of gastric aging. Non-invasive biomarker tests may, therefore, evaluate the secretory function of gastric mucosa and differentiate pathological conditions, such as H. pylori-associated gastritis and atrophic gastritis, from the healthy condition by combining tests for PGs, G-17 and H. pylori-immunoglobulin G (Hp-IgG) [17] . Previous studies have investigated patients with peptic ulcer, chronic atrophic gastritis and gastric cancer. To date, few studies have observed levels of the aforementioned biomarkers and effects of H. pylori infection in a healthy ageing population nor explored the associated factors. In our study, we selected PGs and G-17 as gastric biomarkers and measured their serum levels along with Hp-IgG. The aim of the current study was to observe changes in gastric biomarker levels with age in a healthy Chinese population and effects of H. pylori infection on biochemical tests, as well as to explore associated factors which influence the levels of gastric biomarkers.
MATERIALS AND METHODS

Study subjects
This was a cross-sectional study of a healthy population, defined as having no respiratory, cardiovascular, digestive, neurological, endocrine or urinary system diseases, as well as having absence of neoplastic and chronic infectious diseases and no history of psychiatric disorders. We screened 505 healthy persons out of 1500 volunteers in Shenyang, China between September 2007 and June 2008. The screening included inquiries on medical history, symptoms, smoking, alcohol intake, diet and family history obtained by a questionnaire that was completed by each participant. Physical examinations (i.e., electrocardiogram, chest radiograph, etc.) were carried out along with biochemical tests, including assessments of fasting blood glucose (FBG), blood lipids, liver function, renal function and uric acid levels.
A total of 395 subjects (168 males and 227 females) out of the 505 persons, having a mean age of 59.4 years (range: 37-87 years), were enrolled from November 2010 to May 2011 by the same screening method. Patients with circulatory, respiratory, endocrine, neurological, digestive, urinary diseases and chronic infections or neoplastic diseases, or abnormal physical examinations and test results, as well as those with psychiatric disorders or who were unable to complete instructions and self-evaluations were excluded. Blood samples were obtained and sera were stored (within 2 h of collection) at -75 ℃ until use for measurement of gastric biomarker levels (within 6 mo).
Informed consent was obtained from each participant. This study was reviewed and approved by the Medical Ethics Committees of General Hospital of Chinese People's Liberation Army and China Medical University.
Serological assays
Serum PGI and PGII, G-17 and H. pylori antibody levels were measured with enzyme-linked immunosorbent assay (ELISA) [18] (Biohit Oyj, Laippatie 1, FIN-00880
Helsinki, Finland). All procedures were carried out according to the manufacturer's instructions.
Study groups
Subjects were divided into five age groups (35-44, 45-54, 55-64, 65-74 and ≥ 75 years). Hp-IgG-positive or -negative groups (Hp-IgG-positive defined as serum Hp-IgG ≥ 35 EIU) [19] were also established. 
Statistical analysis
RESULTS
Comparison of serum gastric biomarker levels in various age groups
There was no significant difference in serum levels of PGⅠ and G-17 between each age group with increasing age. In contrast, serum levels of PGII increased with age, and were significantly higher in subjects ≥ 65-years-old compared to the 35-44-years-old group (P = 0.024, P = 0.004). The ratio of PGⅠ/PGⅡ decreased with age and was significantly lower in subjects ≥ 75-years-old compared to those in the 35-44-years-old group (P = 0.035) ( Table 1 and Figure 1 ).
Comparison of serum gastric biomarker levels by H. pylori infection status
Compared to non-infected subjects, serum levels of PGⅠ, PGⅡ and G-17 were significantly higher (P < 0.001, P < 0.001, P = 0.025), while the ratio of PGⅠ /PGⅡ was significantly lower (P < 0.001), in the H. pylori-infected subjects ( Figure 2 ).
Comparison of serum biochemical tests between H. pylori infection statuses by sex
There was no significant difference in serum levels of biochemical tests between H. pylori-infected and non-infected female subjects. In males, levels of lowdensity lipoprotein cholesterol (LDL-C) were higher (P Figure 1 Comparison of serum gastric biomarker levels in various age groups. There was no significant difference in serum levels of PGI and G-17 between each age group with increasing age. In contrast, serum levels of PGII increased with age, and were significantly higher in subjects ≥ 65-yearsold compared to 35-44-years-old group. The ratio of PGI/PGII decreased with age, and was significantly lower in subjects ≥ 75-years-old compared to 35-44-years-old group. The "a" denotes comparison with 35-44-years-old age group, a P < 0.05, b P < 0.01. G-17: Gastrin-17; PGⅠ: Pepsinogen Ⅰ; PGⅡ: Pepsinogen Ⅱ. 
/PGⅡ (P = 0.002). Levels of serum Hp-IgG positively correlated with serum levels of PGⅠ, PGⅡ and G-17 (P < 0.001, P < 0.001, P = 0.038) and negatively correlated with ratio of PGⅠ/PGⅡ (P < 0.001). Levels of serum PGⅠ positively correlated with serum levels of uric acid, creatinine and cystatin-C (P < 0.001, P < 0.001, P < 0.001). Levels of serum PG Ⅱ positively correlated with serum levels of creatinine and cystatin-C (P < 0.001, P < 0.001). Levels of serum G-17 positively correlated with serum levels of FBG, creatinine and cystatin-C (P = 0.018, P = 0.011, P = 0.037).
Levels of serum Hp-IgG were strongly associated with serum levels of PGⅡ and PGⅠ/PGⅡ (r = 0.592, P < 0.001; r = -0.587, P < 0.001), and levels of serum PGⅡ were strongly associated with serum levels of PGI and PGⅠ/PGⅡ (r = 0.682, P < 0.001; r = -0.588, P < 0.001)( Table 4) .
Analysis of factors associated with serum levels of gastric biomarkers
With serum PGI as a dependent variable, serum levels of creatinine, Hp-IgG and FBG positively correlated with levels of serum PGⅠ (P < 0.001, P < 0.001, = 0.009) in H. pylori-infected subjects compared to non-infected subjects ( Table 2) .
Comparison of serum gastric biomarker levels and biochemical tests in various age groups by H. pylori infection status
There was no significant difference in serum levels of gastric biomarkers between each age group with increasing age in H. pylori-infected subjects. In noninfected subjects, levels of serum PGⅡ increased with age and were significantly higher in subjects ≥ 75-years-old compared to subjects between 35-and 54-years-old (P = 0.007, P = 0.004).
In H. pylori-infected subjects, serum levels of total cholesterol (P = 0.002, P = 0.001) and LDL-C (P = 0.016, P = 0.002) were significantly higher in subjects between 55-and 74-years-old compared to those in the 35-44-years-old age group. In non-infected subjects, serum levels of total cholesterol (P = 0.023, P = 0.035) and LDL-C (P = 0.015, P = 0.006) were significantly higher in subjects between 45-and 64-years-old compared to those in the 35-44-years-old group (Table  3 and Figure 3 ).
Correlation analysis among serum gastric biomarker levels, age and biochemical tests
Age positively correlated with serum levels of Hp-IgG, PGⅠ, PGⅡ and G-17 (P = 0.038, P = 0.001, P < 0.001, P = 0.005) and negatively correlated with ratio of PGⅠ Compared to non-infected subjects, serum levels of PGⅠ, PGⅡ and G-17 were significantly higher, while the ratio of PGⅠ/PGⅡ was significantly lower in Helicobacter pylori-infected subjects. a P < 0.05, b P < 0.01. G-17: Gastrin-17; PGⅠ: Pepsinogen Ⅰ; PGⅡ: Pepsinogen Ⅱ. In H. pylori-infected subjects, serum levels of TC and LDL were significantly higher in subjects between 55-and 74-years-old compared to those in the 35-44-years-old age group. In noninfected subjects, serum levels of TC and LDL were significantly higher in subjects between 45-and 64-years-old compared to those in the 35-44-yearsold age group. The "a" denotes comparison with the 35-44-years-old age group and the "b" denotes comparison with the 45-54-years-old age group, a P < 0.05, b P < 0.01. H. pylori: Helicobacter pylori; LDL-C: Low-density lipoprotein cholesterol; TC: Total cholesterol. P = 0.037), while serum levels of G-17 negatively correlated with levels of serum PGⅠ (P < 0.001). With serum PGII as a dependent variable, serum levels of creatinine, Hp-IgG and age positively correlated with levels of serum PGⅡ (P = 0.006, P < 0.001, P = 0.007).
With PGⅠ/PGⅡ as a dependent variable, serum levels of FBG positively correlated with PGI/PGII (P < 0.001), while serum levels of Hp-IgG, G-17 and age negatively correlated with PGⅠ/PGⅡ (P < 0.001, P < 0.001, P = 0.024). With serum G-17 as a dependent variable, age and serum levels of creatinine, Hp-IgG and FBG positively correlated with levels of serum G-17 (P = 0.032, P < 0.001, P = 0.037, P = 0.045), while serum levels of PGI and uric acid negatively correlated with levels of serum G-17 (P < 0.001, P = 0.009)( Table 5) .
DISCUSSION
A European gastric biomarkers test [17] has been developed to measure serum PG and G-17 levels, and Hp-IgG antibodies by ELISA technique. Compared to endoscopic biopsy findings, the test classified the subjects into groups with "healthy" or "diseased" gastric mucosa with 94% accuracy, 95% sensitivity and 93% specificity. Compared to endoscopic histological findings, the accuracy of the biomarkers test in diagnosing atrophic gastritis was 87%, with a sensitivity of 40% and a specificity of 94%. Combined testing of Hp-IgG, PG and G-17 levels is of great clinical significance for general assessment of gastric mucosa secretion. It has been previously shown that levels of serum PGⅠ decreased with age. Levels of serum PGII increased with age, but declined in participants aged over 60. Ratio of PGⅠ/PGⅡ decreased with age, but it increased after age 60 [20] . It has also been observed that levels of PGI and PGⅡ increased with age. In a healthy population, levels of PGⅠ and PGⅡ varied amongst age groups, and the average PG level was highest in the senile group [21] .
Our study showed that in the entire healthy study population, levels of serum PGⅡ increased with age, while the ratio of PGⅠ/PGⅡ decreased with age. The correlation between age and PGⅡ is stronger and more significant than that of PGⅠ; possibly, the distribution of PGⅡ-secreting cells is more extensive, and this could be one of the reasons to explain this finding. Since the ratio of PGⅠ/PGⅡ reflects the degree of atrophy in gastric mucosa, the current study indicated that atrophy of gastric mucosa occurred and developed with increasing age in a non-invasive serological method. It has been suggested that serum levels of PGI and PGII significantly correlated with age in H. pyloripositive subjects. Increased PGⅠ and PGⅡ levels associated with age in a healthy population were caused by increased rates of H. pylori infection. Levels of PGⅠ and PGⅡ were dependent on the presence of H. pylori infection [22] . It was suggested that serum levels of G-17, PGI and PGⅡ increased in subjects with H. pylori infection, especially PGⅡ, while the ratio of PGⅠ /PGⅡ decreased.
Hypergastrinemia and hyperpepsinogenemia may be secondary to H. pylori infection [23, 24] . The results of the current study on the effects of H. pylori infection on serum gastric biomarker levels were consistent with those of previous studies, and it was suggested that H. pylori infection had a closer correlation with PGⅡ than with PGⅠ and may influence the levels of PGⅡ more. It has been shown that H. pylori infection was independently associated with elevated LDL-C levels and contributed to the atherosclerotic process [25] .
The current study showed the difference on levels of serum LDL-C between H. pylori-infected and noninfected male subjects, which suggested an effect of H. pylori infection on raising levels of LDL-C in males. Meanwhile, the highest level of LDL-C was found in the middle-aged group (45-64 years) in non-infected subjects, while in H. pylori-infected subjects it was found in the elderly group (55-74 years). Increased LDL-C level is a risk factor for the development of atherosclerosis, and the current study indicated that Hp infection may increase the risks of atherosclerosis in males, especially those of elderly age. It has been reported that renal function status may influence levels of serum PG and gastrin. Levels of serum PG and gastrin were found to be increased in patients with renal function insufficiency. This may have been due to reduced renal clearance of PG and gastrin [26, 27] . There have been few studies investigating the relationship between renal function and serum PG and gastrin in a healthy population. The current study showed that age and serum levels of Hp-IgG, creatinine and FBG were the main factors associated with levels of serum PG and G-17. Since different levels of PG and G-17 represent different pathophysiological status of gastric mucosa, it was assumed that age, H. pylori infection, and serum levels of FBG and markers of renal function may influence the secretory function of gastric mucosa, and that abnormal serum levels of FBG and renal function might participate in the occurrence and development of gastric diseases.
In summary, the current study observed changes in gastric biomarker levels with age and effects of H. pylori infection in a healthy Chinese population, and explored factors associated with gastric biomarkers. Our data provide a theoretical basis for the recognition of gastric aging and its related diseases, which is of important clinical significance. However, there are some limitations in the study. Firstly, the sample size was relatively small and may, therefore, not represent the whole healthy population. Secondly, we found the effects of H. pylori infection and the correlation between gastric biomarkers and other associated factors, but the 
Innovations and breakthroughs
The current study observed changes in gastric biomarker levels with age and effects of H. pylori infection in a healthy Chinese population, and explored factors associated with gastric biomarkers. This study showed that in the entire healthy study population, levels of serum PGII increased while PGI/PGII declined with age, which indicated that atrophy of gastric mucosa occurred and developed with increasing age, observed via a non-invasive serological method. Meanwhile, we discovered that H. pylori infection had an effect on raising levels of LDL-C to increase the risk of atherosclerosis in males, especially those of elderly age. Moreover, it is suggested that age, H. pylori infection, serum levels of renal function and fasting blood glucose (FBG) were associated with levels of serum PGs and gastrin.
Applications
In this study, the authors' discovered that H. pylori infection had an effect on raising levels of LDL-C to increase the risk of atherosclerosis in males, especially those who were elderly, which indicated that H. pylori infection should be afforded a more important status and given active treatment in elderly males to prevent atherosclerotic diseases. This study suggested that age, H. pylori infection, serum levels of renal function and FBG were associated with levels of serum PGs and gastrin. It was assumed that serum levels of renal function and FBG may influence the secretory function of gastric mucosa, and abnormal serum levels of FBG and renal function might participate in the occurrence and development of gastric diseases.
Terminology
H. pylori: A curved Gram-negative bacillus which is found in gastric mucosa; H. pylori is closely related with multiple gastric diseases, such as peptic ulcers, chronic atrophic gastritis and gastric cancer. PG: A precursor of pepsin which is mainly secreted by cells in the gastric corpus and can be divided into two groups, PGⅠ and PGⅡ; serum PG levels reflect the number of glands and cells, as well as the secretory function in gastric corpus mucosa. G-17: A hormone which is mainly secreted by G cells in gastric antrum and plays multiple physiological roles; serum level of G-17 reflects the number of cells and the secretory function in gastric antral mucosa.
